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Abstract; To predict ET, accurately with limited meteorological data, four representative meteorologi-
cal sites were selected in arid area of northwest China to construct extreme learning machine (ELM).
This model was used to predict ET,, and compared with other three models. The results show that when

only based on the temperature and the wind speed data, the simulation accuracy of ELM, is high( GPI
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ranks the 4th). When only based on the temperature and the radiation data, the simulation accuracy of
ELM; model ( GPI ranks the 6th) is greater than that of Iramk model and Jensen — Haise model. When
only based on the temperature data, the simulation accuracy of ELMy model ( GPI ranks the 8th) is

greater than that of Hargreaves — Samani model. The results of ELM model portability show that ELM,

model in arid area of northwest China has high simulation accuracy based on different sites’ data.
Thus, ELM;, ELM, and ELM, models can be used as a recommended model for the prediction of ET,

based on limited meteorological data in the arid area of northwest China.

Key words: arid area of northwest China;reference crop evapotranspiration ; predicting model ;

extreme learning machine ; portability
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Fig. 1 Distribution of meteorological stations
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Tab.1 Calculation models of reference crop evapotranspiration
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Fig.2  Topological structure of extreme learning machine
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Tab.2 Statistic performance evaluation criteria for each ELM model

MARESH ELM #i%) RMSE/(mm - d 1) R? NSE MRE/ % GPLHE
T s Tonin s 12, RH ELM, 0.269 +0. 025 0.977 +0. 003 ** 0.977 £0. 003 7.6£0.5 1
T > Tmin» 70, RH ELM, 0.787 +0. 159 0.853 +0.028 ** 0. 784 =0. 080 26.9+7.9 5
x> Tin s 7202 ELM; 0.279 +0. 024 0.976 +0. 002 ** 0. 976 +0. 002 7.9£0.5 2
T s Tonin s 12, RH ELM, 0.310 +0. 008 0.971 +0. 005 ** 0.971 0. 005 9.2£0.4 3
T > Trmin o7 ELM; 0.792 +0. 155 0.836 +0. 031 ** 0.780 0. 079 26.4+7.2 6
T x> Tomin» RH ELM, 0.817 0. 149 0.839 0. 031 ** 0.773 +0. 080 28.2+7.1 7
s Trmin s 12 ELM; 0.326 +0.011 0. 968 +0. 006 ** 0. 968 +0. 006 9.6£0.5 4
n,uy,RH ELM, 0.988 +0. 085 0. 677 +0. 056 ** 0. 672 0. 056 31.922.5 9
T x> Tonin ELM, 0.842 +0. 162 0.823 £0.035 ** 0.756 +0. 093 28.7+7.1 8
n,RH ELM,o 1.546 0. 180 0.363 +0. 069 ** 0.315 £0.033 61.6+7.2 13
n,uy ELM,, 1.014 +0. 096 0. 664 +0. 064 ** 0. 656 0. 063 33.1+3.0 10
uy, RH ELM,, 1.390 +0. 131 0.425 +0. 189 ** 0.419 +0. 190 52.8+8.2 11
uy ELM,3 1.398 +0. 122 0.424 £0. 183 ** 0.413 £0.183 52.9+7.1 12
n ELM,, 1.593 £0. 241 0.310 0. 122 ** 0.274 0. 086 64.0+9.3 14
RH ELM,5 1.797 +0. 118 0. 085 0. 065 ** 0.010 +0. 105 88.0 9. 1 15
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25 5% .35 H IO BE 2 W) 18 R B ELM (A T,
T, ) TE 4 A ELM BERIHORS RS ey, GPLHRFAA 56 8, -
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NSE ¥J/NF0.70, MRE ¥ KT 30% , GPI Y HEAE 9
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HILTIHRAE B S0 R B, AT UL, 35 A A 35 A H0R
—E REARTH IR B, X 5 &AL S HN ET, 52
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A1 ADIR ST, 3 A ELM BRI TR B
PR, {H ELM,; (R A w, ) BORSFE B 5 T ELM,
(A n) 1 ELM, (i A RH) , FER LA TE u, J2 74
JLFRIX ET, 1) FZK S £
2.2 ELM 5HAMEBTHRBEE LR

LT, ,T. ,n " AT, % ELM;, Iramk,
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Tab.3 Statistic performance evaluation criteria for different models

TR LN & = RMSE/(mm - d~1) R? NSE MRE/% GPI HE%
ELMs T s Trnin s 0.792 +0. 155 0.836 +0.031 ** 0.780 £0.079 26.4+7.2 1
Tramk T rvax> Tonin» 1.148 +0. 168 0.737 £0.038 ** 0.601 +0.073 30.8 3.1 4
Jensen — Haise(J — H) T Tsin s 1.467 +0. 105 0.735 +0. 040 ** 0.358 +0. 180 48.2£7.5 5
ELM,¢ T o> Trnin 0.842 +0. 162 0.823 +0.035 ** 0.756 £0.093 28.7+7.1 2
Hargreaves — Samani(H - S) Tinax> Troin 0.901 £0. 112 0.795 +0.046 ** 0.718 £0.059 28.9 +8.1 3
A
EE% 3 ﬂ‘%ﬂ sELMS(i’Fﬂu/\ Tmax 9Tmin ,n> E/‘J GPI E
45 N = A SN\
S AR HES S |, O I . ELM, (A T, 3 45 iR

7)1 H = S FERIAALL , A IS B AE R 22 A K, H
ELM, (&S BE R0 T H - S B, — 3% GPI
IrlHESE 2,3 I AEAL LA T, T VR AU
B ELM,. ff ELM; 5 ELM, #E47 % H &
BLAEA T s T 9350 EBIA 0 J5, R* FI NSE
SroBE N 1. 6% F1 3. 2% , RMSE F1 MRE 4 5|y /b
5.9% f18. 0% , K2 T4 /. itk ELMg 1 ELM,
P v R IX B SR SR A Bk ET, 1)
LA R,
2.3 ELM {REABEMES

ELM; (A T s T s o) REAEB D SRR AT
WG ET, BHRERE , SCH o i ELM, 7E74 L
FIXAEE Y, TG BRI R L X SR T Y ET,
PR AL %, 23 Bt 5 A3l i B ARSI Rt s A
Tt sl A 12 41 ELM, #508, Fiti 2l SR L3 4.

F4 ATREEAE ELM, AR EMHEER
Tab.4 ELM, portability results among different stations

Vi A ¥5E B RMSE/(mm - d-1) R? NSE MRE/ %
FIH 0.453 0. 946 ** 0.930 10.9
FIRA AR 0. 465 0.935 ** 0.927 14.3
| 0. 456 0.933 ** 0.929 13.9
I 0.419 0.968 ** 0.958 10.2
R FIH 0. 885 0.878 ** 0.811 18.7
ol 0.376 0.970 ** 0. 966 9.8
B 0.417 0. 949 ** 0.939 9.9
FH  FERAR 0.592 0.927 ** 0. 876 13.5
ol 0.570 0.918 ** 0. 885 18.1
I 0.348 0.962 ** 0. 959 9.9
FIH o] 0.377 0.954 ** 0.953 10.8
FaIRA 0.617 0.879 ** 0. 873 16.7

HIZE 4 I, 450 4LA T W ELM, 1 R #5K
F0.87,NSE ¥J K F 0.80, RMSE Fl MRE 43 5| /N F
0. 885 mm/d H120% , HBA% KA S A A S54%
IRAR MERARGHIIX 3 Fhdl &40, Hoak ELM, (1 R?
KT 0.90, RMSE ¥/NF 0. 60 mm/d, #5 BUKE fF 3K
PR RIKF, ol AL A B AT A AT FURTE T L
B PRI, ELM, 2453 i Z [8] (4 RT RS ARV 5058, n] #F
ELM, {9 YL R IX TR GORMRIC T O T TR
FRARLAY TGl B A BT, AOHERAARIEL.

PERCHE YA R IX 4 A0l S H AR5
WA AL B, DL P - M BRI ET, AF i th
A, ST T TR R 2 I WL S 5 A W 75 i T
. IR SEOHAT R RAS, A L ~5
MR SHT ELM RO B2, i 5 A s Y
FEE A AT RS A P 43 M 3R UE ELM 78 74 4t 3b X ) 3%
T

1) @G SEAGRIN, A 4 MRS
L ELM; (B T s T s 1y w0 ) F1ELM, (BTA T,
T 1ta , RH) HORE BE 525, R A1 NSE ¥ K F 0.97,
GPI 53 5HES 2,3 5 A 3 MR RS H0T, ELM, (i
A Toues Toi s y) B9 RMSE F1 R 4351124 (0.326 +
0.011) mm/d F10. 968 +0. 006, GPI HE45 4, Gefig 5z
MBI SHE A OLT ET, B =R B k.
R, DR ELM; , ELM, , ELM, £ PY-b X A=
RSP ANGEOLT W ET, HHEFERIAL.

2) ¥ ELM,,ELM, i Iramk,J - H, H - S #5171
X LU B, 35 U E A S R} SRR B, ELM A BE
It (RMSE F1 R* 435247 (0. 792 +0. 155) mm/d Fl
0.836 0. 031) ; /K T BE A Ha A 7 FL iR BT, ELM,
RS B (RMSE F1 R* 4351124 (0. 842 0. 162) mm/d
F10.823 0. 035) {5 F H - S R, [ i, ELM 5%
FHAL T Tramk,J — H, H — S A5 & ] FPH L 2 X

3) AR AT RS AE M A3 HT A, TE A T 35
TRl B 44T ELM, RS B B85 L R R
NSE K £ K TF 0.90, RMSE K %2 /NTF 0.50 mm/d,
MRE 3J/NT20% . A WL, 72 SRR AR AR DL 1 P4 L 5
X, ELM, (R0 o] B 4B PE 2 AL RE ) 0. 76t
Gl A S G B B, TR DX PN o
ST SRR A I 2R ok Tz 5 ET,.

%2 3Lk ( References)

(1] BRETM BE S UINEARR XSS %
Bl A5 s B PRI [T ). A0k TR 4,



e

HEREDUDE T 7741t

5536 &

(2]

(3]

(4]

[5]

[6]

[7]

[8]

(9]

2016,32(4) .127 - 134.

LI Chen,CUI Ningbo, FENG Yu,et al. Adaptation eva-
luation for reference evapotranspiration methods in diffe-
rent regions of Sichuan[ J]. Transactions of the CSAE,
2016,32(4) :127 = 134. (in Chinese)

ALLEN R G, PEREIRAL L S, RAES D, et al. Crop
evapotranspiration ; guidelines for computing crop water
requirements[ M]. Rom:FAO,1998.

IR AR, T I, 4. 6T 288 (L Bl 1
HZHAEY) 78 K S i i H BT BT [T ). KA
4%,2010,41(12) . 1497 - 1505.

XU Junzeng,PENG Shizhang, DING Jiali,et al. Evalua-
tion of methods for estimating daily reference crop evapo-
transpiration based on lysimeter grass experiments[ J].
Journal of hydraulic engineering,2010,41(12) :1497 -
1505. (in Chinese)

HARGREAVES G H. Reference crop evapotranspiration
from temperature [ J ]. Applied engineering in agricul-
ture,1985,1(2) :96 —99.

IRMAK S, MUTIIBWA D, PAYERO J, et al. Modeling
soybean canopy resistance from micrometeorological and
plant variables for estimating evapotranspiration using
one-step Penman — Monteith approach [ J]. Journal of
hydrology ,2013,507(18) :1 - 18.

PRIESTLEY C H B,TAYLOR R J. On the assessment of
surface heat flux and evaporation using large-scale pa-
rameters| J |. Monthly weather review,1972,100(2) .81
-92.

ZAREI A R,MAHMOUDI M R. Evaluation of changes
in RDIst, index effected by different potential evapo-
transpiration calculation methods [ J]. Water resources
management , 2017 ,31(1) ;1 - 19.

LANDERAS G,ORTIZ-BARREDO A,LOPEZ J J. Com-
parison of artificial neural network models and empirical
and semi-empirical equations for daily reference evapo-
transpiration estimation in the Basque Country ( northern
Spain) [ J]. Agricultural water management, 2008, 95
(5):553 -565.

TABARI H,KISI O,EZANI A, et al. SVM, ANFIS, re-

[10]

[11]

[12]

[13]

[14]

gression and climate based models for reference evapo-
transpiration modeling using limited climatic data in a
semi-arid highland environment[ J]. Journal of hydrolo-
gy,2012,444(10) .78 - 89.

FRti PN U S N S S Nt S & S S
HLE ET, BT R LT]. KR 2241, 2011,42(6) : 743
—749.

HOU Zhigiang, YANG Peiling, SU Yanping, et al.
Simulation of ET,, based on LS — SVM method[J]. Jour-
nal of hydraulic engineering, 2011,42(6) .743 —749.
(in Chinese)

FENG Yu,CUI Ningbo, GONG Daozhi,et al. Evaluation
of random forests and generalized regression neural net-
works for daily reference evapotranspiration modelling
[J]. Agricultural water management, 2017, 193; 163
-173.

ABDULLAH S S,MALEK M A,ABDULLAH N S, et al.
Extreme learning machines: a new approach for predic-
tion of reference evapotranspiration[ J]. Journal of hy-
drology,2015,527.184 - 195.

AT, RIER SF. SR TR I S H AR
Przetici WAL [T ], gk TR 4 4z, 2015, 31
(S1):153 - 160.

FENG Yu, CUI Ningbo, GONG Daozhi, et al. Prediction
model of reference crop evapotranspiration based on ex-
treme learning machine[ J]. Transactions of the CSAE,
2015,31(S1) :153 —160. (in Chinese)

I, BT RGXIERY, 45, P EP AL X S H Y28
MR 5B RELT]. T 5%, 2016,34
(2):243 -251.

WANG Biao,ZENG Xinmin, LIU Zhengqi, et al. Estima-
tion and variation characteristics of the reference crop e-
vapotranspiration in northwest China during 1956 - 2011
[J]. Journal of arid meteorology,2016,34 (2) :243 -
251. (in Chinese)

(DLAAE  AX)




